The 12-lead Electrocardiogram (ECG) (PDF, PNG or JPG). Once these images are segmented, they can then be placed automatically into the IPI system sequence.
Introduction
With the prevalence of Cardiovascular Disease (CVD), contributing to 29|% of worldwide fatalities, it is imperative to optimize its early detection. Although the 12-lead Electrocardiogram (ECG) has been the primary method of assessing the cardiac state of a patient for more than 70 years, by the early 1960s computer decision support began to be introduced to augment human interpretation [1] , [2] . As time progressed, algorithms became more sophisticated [3] and commercially available [4] - [6] . Typically, a 12-lead ECG is presented in a 3x4+1R grid format with each cell representing one of the 12 leads and an extended rhythm strip added below (+1R) [7] . This format, is known to deliver significant cognitive load, and thereby deplete the cognitive performance of an interpreter [8] . To ameliorate cognitive workload, computerized decision support systems (CDSS) often aim to reduce the cognitive workload forced upon the interpreter [9] . To achieve this some institutions often use checklist in ECG reporting. [ [16] . Although some components vary, a typical reporting procedure would include; 1) heart rate, 2) rhythm analysis, 3) cardiac axis, 4) conduction times, 5) morphological features, and 6) final diagnoses. Other facilities have conducted research using a series of questions and prompts to guide the user though the interpretive process [17] , [18] . This research also aimed to reduce the cognitive load by segmenting the 12-lead ECG into the five previously mentioned reporting components. Further motivations for this research include developing preventative measures to reduce the likelihood of 'early satisfaction syndrome' [19] , [20] , in which interpreters come to a conclusion prematurely. A model was created and named "Interactive Progressive based Interpretation" (IPI). The procedural sequence can be seen in Figure 1 .
Results from this study indicate an increase in final interpretation accuracy can be achieved through using interactive touch screen devices to manage cognitive load alongside prompts to guide an interpretation process. Hence, a recommendation was suggested to incorporate a set of distinct procedural steps within the interpretation process, serving as a 'checklist' to eradicate missed coabnormalities [17] .
Methods
Although a CDSS which manages an interpreters cognitive load has potential to improve diagnostic accuracy a pathway to practice needs to be established enabling a clinician/researcher to efficiently use the software. Typically, a 12-lead ECG is stored in Portable Document format (PDF) or in raw data within XML, SCP-ECG, DICOM, HL7-aECG, ecgML, Philips XML, mECGml, MFER or XML-ECG [21] . AMPS-LLC aims to create a paradigm which stores ECG data inside the commonly used PDF format [22] - [25] .
To achieve this, AMPS-LLC extracts ECG recording data (often stored within an XML file), including; demographics, measures, interpretations, and morphologies among others. This data then populates a proprietary AMPS data structure. Once this is populated it is restructured into desired proprietary formats for use within the healthcare system (XML, DIACOM/MORTARA etc.). This is then embedded with a generated PDF. AMPS-LLC also provides the opportunity to output other graphical formats including PNGs or JPGs.
Due to the data acquisition and structural method each lead is stored individually within a data framework.
Therefore, potential to generate a segmented ECG for use within the IPI system became apparent. By partnering with AMPS-LLC a platform was created to upload an ECG recording data file (XML), a response was generated which produced multiple segmented ECG images, and hosted them on the Azure server. These images would then be placed within the IPI model, available for user interaction. This enables users (clinicians, researchers or others) to upload ECG data stored within healthcare repositories and automatically be presented with an interactive CDSS to aid the clinical decision making process. A figure for this pathway can be seen in Figure 2 . 
3.

Model implementation
To allow the system to be used ubiquitously it has been developed using web-based technologies and hosted on the university server. The webpage structure was created and implemented using Hypertext Mark-up Language version 5 (HTML5). Cascading Style Sheets (CSS3) were used to create a consistent, user, friendly, and responsive user experience for interpreters. The scripting language, JavaScript, was used, alongside the JQuery library, was used to create an interactive experience by implementing responsive animations and collection of data through text/button/radio/checkbox/slider field entry. Finally, the Hypertext Pre-processing language (PHP) recorded data entry values to a MySQL database. Data was sent to the server via Asynchronous JavaScript and XML (AJAX).
AMPS software is implemented using C++ and hosted on a Microsoft Azure web server. The connection between this webserver and the front-end user interface was controlled asynchronously via AJAX. This enabled calls to request a PDF conversion, retrieve a JSON (JavaScript Object Notation) response with an embedded link to a series of PNGs hosted on the Azure webserver.
Conclusion
An interactive model has been developed to reduce cognitive workload forced upon interpreters of 12-lead ECGs. A potential 'pathway to practice' has now been created facilitating interpreters the opportunity to upload raw ECG files (XML) and have a bespoke user interface generated which integrates the uploaded ECG into the IPI model. We believe this example illustrates the potential to augment 12-lead ECG interpretation without needing to replace the conventional method.
